Plantar fibromatosis is a complex problem encountered by many surgeons in different specialties. Understanding the complexity of this debilitating disease and awareness of the concept of the reconstructive toolbox is crucial in achieving best surgical outcome. We present a case where an instep defect following an excision of recurrent plantar fibromatosis was reconstructed with a sensate free radial forearm flap. We selected this flap as it is thin and pliable therefore allowing restoration of the anatomic contour of the foot. It is relatively quick and easy to raise with a two team approach and can cover a large defect. It is also sensate hence providing protection to the foot. The use of a free radial forearm flap for instep defect has provided a good cosmetic and functional outcome in this case.
Introduction
Plantar fibromatosis is a benign, locally infiltrative neoplasm of the plantar fascia of unknown cause. It was first described by Ledderhose as a non-malignant thickening of the deep connective tissue or plantar fascia in 1894. Twenty-eight percent of patients have associated Dupuytren disease in the hand. Histological features typically show mature collagen and mature fibroblasts. It can present as a solitary nodule or nodules that can invade the dermis and sometimes flexor tendon sheath. It is generally slow growing and typically asymptomatic but can be painful on walking when the nodule is in contact with the shoe or floor. The true incidence of plantar fibromatosis is unknown [1] . White people are affected more often than any other ethnic groups with a male/female ratio of 10:1 from the sixth decade onwards [2] . It is well recognised in adults but children rarely may be affected by this process [3] presenting at birth or in early childhood.
Patients with early stage disease often benefit from a trial of conservative treatment including padding, orthotic support physiotherapy and anti-inflammatory drugs. Intralesional steroid injection may also have some merit. Surgical options range from local excision to complete plantar fasciectomy [1, 4] when conservative measures are ineffective and with persistence of pain. Operative intervention has a high incidence of recurrence [4, 5] . Durr et al. [6] performed a range of operations including local excision, wide excision and complete plantar fasciectomy. Their study showed that recurrence is reduced by aggressive initial surgical resection. Studies by de Bree et al. [1] and van der Veer et al. [7] concluded that total plantar fasciectomy is the most successful intervention as regards reducing risk of recurrence, and both studies acknowledge the role of radiotherapy. Other studies describe the use of radiotherapy without surgical excision or as an adjunct [1, 8] to surgery to treat fibromatosis. With surgical excision, skin defects requiring soft tissue coverage are usually created. A number of methods and techniques of obtaining adequate soft tissue coverage have been described [5, 9, 10] . We describe a case of recurrent unilateral plantar fibromatosis managed surgically by multiple extensive excisions and split thickness skin grafting over a period of 20 years. The patient received adjuvant radiotherapy to the sole of her left foot after 5 previous excisions. Subsequently, this led to prolonged ulceration, pain and failure to heal. The ulcer was initially biopsied to exclude malignancy and subsequently excised. The resulting defect was reconstructed with a sensate radial forearm flap.
Case report
We present the case of a 36-year-old woman diagnosed with plantar fibromatosis affecting her left instep in 1987, age 15 years old. She was referred by her general practitioner complaining of persistent ulceration at the site of recurrent plantar fibromatosis for 2 months in the absence of trauma. There was no family history of a fibrotic diathesis. She smoked 10-15 cigarettes per day.
In 1987, she noted a small nodule on the instep of the right foot. This was excised because of persistent pain on walking. Two years later (1989) the lesion recurred, was re-excised and the defect was skin grafted. A year later (1990) the scar became increasingly tender and another wide local excision (dissecting out 2 plantar nerves, the posterior tibial artery and tendon to flexor hallucis longus) was done; histology showed plantar fibromatosis with involved margins. She had a further 2 excisions during that year; the defect was re-grafted. She also received 2 sessions of radiotherapy (graft failed post radiotherapy) and the resulting wound breakdown healed by secondary intention.
In 1991, she presented again with 4 Â 5 cm soft lump requiring 2 further excisions and skin graft. Histology showed fibromatosis. The wound eventually healed a year later.
She remained healed and asymptomatic for 16 years until she re-presented in July 2008 with persistent ulceration on the sole of her right foot. On examination, there was a 2 Â 0.5 cm sloughy ulcer on her instep surrounded by mature contracted skin graft tissue. The whole area was very fibrosed with no soft tissue cushioning, although this did not interfere with ambulation as only the non-weightbearing instep was affected. Pedal pulses were present. She reported difficulty in flexing her toes with occasional discomfort. Incision biopsies of the ulcer were undertaken to exclude squamous cell carcinoma (Marjolin ulcer) and secondary malignancy prior to any further definitive management. Histology demonstrated recurrent plantar fibromatosis only. She then underwent further excison of the recurrent fibromatosis and ulceration over her right sole (Fig. 1 ) and reconstruction with a sensate left radial forearm free flap ( Table 1 ). The anastomosis of the vessels was done under the microscope. The radial artery was anastomosed end to side to the posterior tibial artery; the 2 venae comitantes, end to end to the long saphenous vein, and the lateral antebrachial cutaneous nerve end to side to the medial plantar nerve. Despite multiple previous excisions resulting in extensive scarring, there was no difficulty in finding the recipient nerve.
Review 3 months (Figs. 2 and 3 ) and 6 months postoperatively showed good flap integration. Six months postoperatively, the Weinstein Enhanced Sensory Test (WEST) was used as a touchthreshold test. The patient was able to detect a filament force of 2.0 g and 4.0 g over the medial and lateral sides of the flap, respectively. She was pain free on weightbearing.
Discussion
Soft tissue defects on the sole of the foot are a reconstructive challenge because of the anatomic contour and weightbearing function. The ideal flap should be sensate, able to withstand pressure with gait, have durable skin to resist shearing forces and be able to fit normal footwear. Using the reconstructive toolbox as a guide helps the clinician in deciding which is the most appropriate procedure to use for reconstruction by moving directly to the selected procedure. This has superseded the more familiar reconstructive ladder which starts with healing by secondary intention and moves sequentially through direct closure, use of skin grafts (split or full thickness), tissue expansion, local and distant regional tissue transfer and free tissue transfer. The aims of reconstruction in all cases are both functional and aesthetic.
In this case, recurrent skin grafts alone proved inadequate and consideration was given to other options including use of either a local or a free flap to restore sensation, weightbearing function and anatomic contour of the foot in a single stage procedure.
The soft tissue reconstructive options for foot defects depend on the location with respect to anatomic area and weightbearing status. The plantar area and the heel both have nonweightbearing (instep and from malleoli to the sole, respectively) and weightbearing surfaces.
A number of surgical techniques have been described to address the above defects, each with their own advantages and disadvantages. Neudeck et al. [11] describe skin expansion for covering soft tissue defects using the Ilizarov technique. This is a very intensive technique requiring the use of wires and plates, and there is need for extensive follow-up. Nis°anci et al. [12] used the crossfoot island instep flap to manage persistent graft breakdown which involved skin-grafted muscle flaps transferred previously to the heel in 3 patients with high velocity foot injuries. Mourougayan [13] advocates the use of the medial plantar artery instep flap as it can be raised as an island fasciocutaneous flap based on medial plantar vessels, with the branch of the medial plantar nerve supplying the instep skin and reaching the posterior-most part of the weightbearing surface of the heel with ease. However, this may not be available in severe foot injuries.
Sonmez et al. [10] compared the non-sensate fasciocutaneous flap (radial forearm, anterolateral thigh, lateral thigh and scapular) with the non-sensate split-skin grafted muscle flaps (gracilis, serratus and latissimus dorsi) as reconstructive options. Their results showed that, despite being non-sensate, the fasciocutaneous flaps have superior sensation and vibration outcomes to skingrafted muscle flaps. The question of whether a sensate plantar reconstruction is necessary prompted a review by Kuran et al. [9] . They compared sensate and non-sensate free flaps of the heel and plantar area and demonstrated better sensory results and early return to activities in the sensate flap group although the defects were smaller (36-70 cm 2 vs 150-625 cm 2 ) compared with the non-sensate group. Santanelli et al. [14] utilised a free radial forearm flap to reconstruct the sole with or without sensory nerve coaptation. They reported better sensibility in patients with sensory nerve reconstruction during the first postoperative year although flaps without surgical nerve repair achieved good protective sensibility after 12 months similar to the previous group. All their flaps achieved long-lasting stability.
The use of a radial forearm free flap is ideal for the reconstruction of plantar defects as it restores the anatomic contour of the foot [15] . It is thin and pliable, and does not require debulking as would other flap options, therefore allowing patients to use normal footwear. It also provides stable skin cover, and protective sensation especially on a weightbearing surface. The patient is extremely satisfied with the aesthetic result of both the reconstruction and the donor site (Fig. 2) .
In our case, this patient had undergone 9 excisions and multiple skin grafts over the last 20 years, resulting ultimately in a chronic non-healing ulcer with associated pain and a requirement for regular dressings. Definitive soft tissue coverage utilising free tissue transfer was preferred by our patient, after discussing other treatment options including further skin grafting and local flaps.
Teaching points
Plantar fibromatosis is a problem encountered not only by plastic surgeons but also by foot and ankle surgeons. Understanding the complexity of this debilitating disease and awareness of the concept of the reconstructive toolbox is crucial in achieving the best surgical outcome. In the case described, a free radial forearm flap was selected. The advantages of this are as follows: it allows restoration of the anatomic contour of the foot, is relatively quick and easy to raise with a two team approach (one team debriding the area and preparing recipient vessels and a second team raising the flap), can cover a defect larger than a local flap such as medial plantar artery instep flap, is pliable and less bulky than other fasciocutaneous flaps, and is also sensate hence providing protection to the foot.
